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Introduction
Breast cancer (BC) in young women represents a complex scenario with many unmet disease-related and psycho-social needs. Approximately 7% of BC patients are diagnosed at age < 40 years, around 3% < 35 years, and 1% < 30 years. Overall, BC accounts for over 40% of all cancers in women of this age group [1] . Improvements in early diagnosis and adjuvant treatment have led to a constant decrease in death rates (3.8%/year among women < 50 years versus 2.2%/year among women ≥ 50 years) [2] . As a consequence, around 300,000-400,000 young BC survivors were estimated in the US in 2011. On the other hand, there is an increasing trend towards delaying pregnancy all over the world [3] [4] [5] [6] . The proportion of first-time mothers aged ≥ 30 years has increased in the US since the early 1990s from 4.1 to 21.2% [7, 8] . Consequently, a growing number of patients face BC before completion of their reproductive plans.
Is Pregnancy after Breast Cancer Common?
The desired number of children has decreased in recent decades. Fertility surveys in the general population show that most people still want children, but, given the current socioeconomic and cultural circumstances, no more than 1 or 2 [9] [10] [11] . Less than 10% of women with previous BC subsequently become pregnant [12] [13] [14] [15] . This is around half the pregnancy rate seen in age-matched groups without BC [16, 17] . Women with BC are also more likely to have a live birth at an older age than the general population because of their cancer treatment. Of note, the vast majority of available data rely on BC patients who have not started or completed their families may wish to consider pregnancy following treatment but they may worry about whether or not it is safe [18] . A qualitative study in 23 women who had children after BC reported that the possibility of becoming pregnant was a powerful stimulus to 'get well' but also outlined concerns about the potential for future disease recurrence and about surviving to see their children grow up [19] . 657 of 1,702 patients belonging to the Young Survival Coalition completed a web survey which is the largest dataset available so far [18] . 29% of women indicated that concerns about fertility influenced their treatment decisions. In a multivariate analysis, greater and significant concern was associated with the wish for children/more children, number of prior pregnancies, and prior difficulty conceiving. Of note, 309 (47%) women reported they did not want a future biologic child or were unsure; of those, 36% thought a future pregnancy would increase their risk of recurrence, 48% did not think it would, and 16% were unsure. Another recent qualitative survey [20] in 20 young BC survivors -half of whom had a child after diagnosis -showed that participants that valued fertility and expected to have children in the future were more likely to have weighed up fertility issues when making their treatment decisions. Participants' primary motivations for treatment decisions were nonetheless improved survival and reduced risk of recurrence. Overall, all these data have several limitations: i) the sample size is generally small and retrospective; ii) the population is not representative of all young women with BC, as most subjects are Caucasian with a college degree; iii) data rely on women recalling their experiences, not taking into account health and psychosocial changes over time. In principle, young women with BC are more likely to experience anxiety and distress which usually diminish over time, indicating that young women can adapt. A longitudinal study collected depressive symptoms data over approximately 10 years in 131 young patients with BC participating in the WHEL study. This is a multicenter randomized controlled trial evaluating the effectiveness of a high-vegetable, low-fat diet to reduce recurrence of BC and early death [21] . Concerns about reproduction after treatment contributed to long-term depressive symptoms, even after controlling for social support and physical health. The multivariate analysis found no significant difference among women who had children compared to those who did not and to those who had a child after BC. Similar results were observed in another study conducted in an ethnically diverse sample of 331 young women with newly diagnosed BC [22] .
Do Health Professionals Address Fertility Issues?
Young BC patients have specific fertility needs and concerns which are commonly not adequately addressed or discussed prior to commencing adjuvant therapy. There is limited research about both patients' fertility-related needs and attitudes of health care providers, and few tools available to assist with fertility-related decisions [23, 24] . However available evidence points out that abortion is frequently recommended by physicians for fear that pregnancy could stimulate BC recurrence [25] . In an individual trial, around 30% of women decided to abort as suggested by their treating physicians [26] , highlighting the need for robust evidence to guide physicians in proper counseling of their patients.
In an exploratory substudy of a cross-sectional trial evaluating ovarian reserves in young BC survivors compared with controls, women ≤ 40 years seemed more concerned about fertility-related issues than age-and gravidity-matched controls, even when only women who desired a future child were analyzed [27] .
The results of the survey conducted by the Breast International Group (BIG) in 389 very young patients (< 35 years) with early BC from several countries and with different sociocultural attitudes, show that a substantial proportion of patients wanted more future children. Interestingly, among the ones who did not, almost 40% were afraid of tumor recurrence (paper submitted). Prospective data are also being collected through a joint international initiative (Helping Ourselves, Helping Others HOHO: The Young Women's Breast Cancer Study). Preliminary results from 85 patients of the European cohort show that 45% of subjects had no children before the BC diagnosis, and 41% wish to consider pregnancy after BC treatment; of those, 69% had no history of previous pregnancy.
Is Pregnancy after Breast Cancer Safe?
For the Baby? There is no evidence that pregnancy in BC survivors is associated with any risk to the infant's health. Data from 2 large population-based cohort studies are rather reassuring in this regard [28, 29] . However in the Swedish cohort, an increased risk of delivery complications, caesarean section, very preterm birth (< 32 weeks), and low birth weight (< 1,500 g) were reported compared to healthy controls. These findings have potential implications for vigilant pregnancy surveillance and management in this population. Taking into account the time of oocyte maturation, it is recommended to wait for at least 6 months from the end of chemotherapy before becoming death 0.51, 95% confidence interval 0.42-0.62) [40] . However a main bias and confounding factor is the selection of controls not known to be disease-free at the time the matched case became pregnant. Of note, none of the published trials to date have adjusted for this bias in a robust manner. A recent nested case-control study also examined the physical and mental health of 81 young participants from the WHEL study [41] . The sample included 27 cases who had children after BC and 54 controls, matched for age and stage at diagnosis. Multilevel analysis did not identify a difference in physical health scores between those who became pregnant and those who did not, suggesting the favorable association between survival and childbearing after BC not to be related to the healthy mother bias. On the other hand, marginally significant higher mental scores were found in women who became pregnant. While mental health has not been traditionally identified as a component of the healthy mother bias, being an important component of overall health, it should be evaluated in future larger studies.
The aforementioned evidence remains suboptimal, and several key questions remain unanswered, due to i) lack of statistical power of the previously conducted studies; ii) uncertainty regarding the true role of the healthy mother effect; iii) lack of information relating to estrogen receptor (ER) status; iv) uncertainty at what time it is safe to become pregnant; and v) the unclear therapeutic role of induced abortion. Recently, Azim et al. conducted a large multicenter, a prioripowered trial involving 1,207 patients, 333 of whom became pregnant after BC. All patients had a known ER status, and all controls were matched according to age, nodal status, year of diagnosis, and systemic adjuvant therapy. To adjust as much as possible to the 'healthy mother effect', controls were known to be free of relapse for a time interval at least equal to the BC diagnosis and conception in the pregnant group. The primary end point was the difference in disease-free survival according to ER status with pre-specified endpoints addressing the therapeutic role of induced abortion, safety of pregnancy within 2 years of diagnosis, and safety of breastfeeding. Preliminary results confirm the apparent safety of pregnancy in ER-positive BC patients. The final results are expected to be presented in 2012.
What about Patients with BRCA1/2 Mutations?
The few studies examining the association between reproductive history and the risk of BC among BRCA1/2 mutation carriers have led to inconsistent results with respect to age at pregnancy, number of children, and mutated genes [42] [43] [44] . A recent retrospective cohort study of 1,601 women (853 with BC), who carried a mutation in BRCA1/2, from the International BRCA1/2 Carrier Cohort Study (IBCCS) showed no statistically significant difference in the risk of BC between parous and nulliparous women. Among parous women, an inpregnant. For patients receiving endocrine therapy, data are less conclusive. However practical advice would favor waiting for 3-6 months after cessation of endocrine therapy before attempting conception [30] . A similar time period should be applied for patients receiving trastuzumab for which prior maternal exposure has not been shown to affect fetal outcome, at least in the short term [31] .
For the Mother?
In the past, mammary exposure during pregnancy to very high levels of ovarian hormones, pituitary prolactin, and placental lactogens justified the recommendation not to become pregnant after BC [32] . Pregnancy age and parity appear to be synergistic, with high parity (≥ 5) and young age (≤ 20 years) at first birth associated with the greatest reduction in lifetime BC risk [33] . Several hypotheses have been postulated for the protective effect of pregnancy: full-term pregnancy through the related hormone cascade i) induces terminal differentiation of the mammary gland which becomes less susceptible to tumorigenesis, ii) promotes enhanced capability for DNA repair in mammary cells, iii) activates genes controlling differentiation and programmed cell death, and iv) imprints in the breast epithelium a specific and permanent genomic signature of pregnancy which is long-term protective [34] . There is also recent evidence in rodents suggesting a decrease in mammary stem cells, the targets for transformation, with early parity [35] , which could be the basis for a woman's lifetime risk reduction.
Could Pregnancy after Breast Cancer Be Protective?
The best available modern evidence suggests that pregnancy after BC does not increase a woman's risk of recurrence, and in fact may even confer a protective effect [25, [36] [37] [38] . In several population-based retrospective studies where patients were matched for age, disease stage, and year of diagnosis, the relative risk of death was lower for women who conceived after BC than for those who did not. In 2 of these studies, overall survival results were statistically significantly in favor of the cohort that became pregnant [14, 39] . A recent metaanalysis of 14 such studies, involving 1,244 cases and 18,145 controls, showed a 41% reduced risk of death in women who became pregnant following BC compared to women who did not [37] . The 'healthy mother bias' suggests that survivors who become pregnant are a self-selected healthier group with a better prognosis [39] , but no studies have systematically evaluated the potential for this bias. A recent meta-analysis of 9 studies (1,089 pregnant women, 13,051 matched-controls), corrected for the healthy mother effect by conducting a separate analysis of low-risk patients and matching cases to controls on the basis of prognostic factors. The analysis showed a statistically higher overall survival among patients who became pregnant compared to controls (hazard ratio for creasing number of full-term pregnancies were associated with a statistically significant 14% decrease in the risk of BC for each additional birth. This association was the same for carriers of BRCA1/2 mutations and was restricted to women aged > 40 years [45] . No data are available on mutated women with subsequent pregnancies after BC. Overall, these data are reassuring concerning the safety of pregnancy for BRCA1/2 mutation carriers. Hence pregnancy should not be discouraged in this population after comprehensive genetic counseling and adequate psychological support [46] . The possibility, at least in some countries, to undergo pre-implantation genetic diagnosis available to women including those carrying a genetic predisposition to BC [47] , adds new complexity to reproductive decision making in this population and requires new strategies for counseling and psychological support of women and their partners [48] .
Is Breastfeeding after Breast Cancer Feasible and Safe?
Breastfeeding is known to have immediate and long lasting advantages for both infant and mother. A meta-analysis of 47 studies found that breastfeeding reduces the risk of developing BC by 4-5% per year of lactation [49] . In another study the association was stronger among women with a first-degree relative with BC [50] . In BRCA1/2 carriers data are conflicting [51, 52] . In the recent IBCCS study history of breastfeeding was not correlated with the risk of BC [45] , but the study was not powered to rule out a possible protective effect. Women previously treated for BC face a unique physical and emotional status that might impact their decisions and ability to breastfeed [53] . In a single analysis comparing 25 and 27 BC survivors who had bottle-fed and breastfed their children, respectively, 6 and 1 deaths were reported for the 2 groups [54] . While no formal statistics were conducted due to the limited sample, the results appear reassuring. Further data are under evaluation from an ongoing collaborative trial. To the best of our knowledge, no other prospective or retrospective study has specifically addressed this question. From a feasibility perspective, successful breastfeeding following BC from the ipsilateral breast is in the range of 30% [54] and may be restricted by surgical approaches (i.e. proximity of the incision to the areola/nipple), or the dose and type of radiotherapy [55] [56] [57] . Adequate counseling plays an important role in achieving successful lactation in these women [58, 59] who should also be reassured about the nutritional adequacy of milk production by a single breast [55] . Until further data is available, we believe that there is no need to restrict breastfeeding which is associated with improved maternal quality of life and fetal benefits [53, 60] .
Conclusion
Pregnancy after BC is still surrounded by myths and facts which, in the era of improved survival in young women with BC, need to be carefully weighed up and clarified. The information available about the safety and feasibility of pregnancy and breastfeeding after BC does not provide definitive and unquestionable evidence. The final results of a large international trial will be presented soon, which may answer a lot of currently open questions. However this also is a retrospective trial with limitations regarding quality of data collection and selection bias. Hence we believe the availability of reliable current data from dedicated, prospective, international registers will help the scientific community to better understand this multifaceted presentation and to carefully plan future research in this field. This will be possible only through a global initiative involving both the scientific and the advocacy communities. The Breast International Group and North American Breast Cancer Group (BIG-NABCG) has committed to developing such a prospective data collection of clinical and patient-oriented needs in relation to fertility preservation, treatment-related menopausal symptoms, treatment duration, quality of life, and survivorship. The information will help BC health professionals and patients to prioritize clinical research in this orphan field.
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